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Oct 84 -Present -- The start up of any large system can be broken into three phases: 1) component debug, 2) commissioning and 3) operations. The component debug phase consists of getting the rotating machinery working reliably as well as getting major subsystems operational such as coldboxes. In addition, for computer controlled systems, one must get the control software and a significant fraction of the application diagnostics operational. It is often argued that with a "turn key" plant one can skip the component debug phase. Due to the small quantities of rotating machinery produced for cryogenics and the lack of manufacturers' full scale helium testing capabilities for design "improvements" or even "fixes", rotating machinery must be debugged. In the case of the Tevatron, the only quazi "turn key" component was the central helium liquefier cold box. We had a ten year R & D program; during the later half of this period a significant effort was put into improving the M.T.B.F. of the rotating machinery. In the case of the ring screw compressors this was so successful that they never affected the commissioning.
The commissioning phase consists of getting all of the subsystems functioning together, followed by a lengthy process of finding the system weaknesses, followed by component modifications or system redesign (1-2 years). In the case of the Tevatron during the latter half of this phase the high energy physics program was in progress.
The final phase, operations, continues to require a significant effort in improving the M.T.B.F. The problems of contamination and helium leakage are still significant, but a new problem of quality control for maintenance and repair parts becomes significant. The six compressor buildings supply 20 atm helium to the twenty-four refrigerators through a 9.0 cm ID discharge header located on the berm, (Fig. 2) The central helium liquefier (CHL) consists of three large 2000 hp reciprocating helium compressors, the helium purification system, the helium coldbox, the helium dewar, the helium gas storage tanks and the liquid nitrogen system.
The twenty-four satellite refrigerators consist of the compressor, the warm distribution piping (previously described, Fig. 2 
Commissioning
The commissioning started on December 3, 1982 with the start of the cooldown of E and F sector which were the first two of the six sectors finished. CHL had started up in November and cooled down the 6 km transfer line; the liquid nitrogen for E and F sector as well as nitrogen for dehydration was taken from the transfer line. In February 1983, the liquid helium valve between the transfer line and satellite refrigerator were opened, connecting CHL to the ring.
As additional sectors were finished they were decontaminated and also cooled down; the full ring was cold and operating on May 29, 1983 . The E and F sector run was successful in cooling the magnets in stand-alone mode. The most important difference from the A-sector test was that we did a much better job in initial decontamination (1 to 3 ppm) and maintained a cleaner system. The clean helium, some expander design improvements, and a program of closely monitoring and carefully maintaining the expanders resulted in much improved expander efficiencies and much less expander downtime than in the A-sector test. Also, we learned for various operating conditions to keep expander speeds below those at which performance drops off, thus optimizing performance and minimizing wear.
The major problem during the first part of this run was magnet vacuum leaks. Two major leaks and several small ones were repaired. The second most severe problem was microprocessor reboots which crashed the refrigerators. The cause of the more than thirty self reboots over a six week period was never found, but after six weeks the reboots stopped . This problem was compounded by the absence of an alarm system to notify the operator when a microprocessor rebooted or an expander tripped off.
In June, warm component installation was completed and a number of problems repaired. On July 3, 1983 beam was accelerated to 512 GeV. In September 400 GeV beam was being delivered to the experimental areas; the energy was increased to 800 GeV in March 1984. Figure 3 shows the downtimes during this period for CHL, satellites, and quench recovery.
The system operating difficulties in order of severity were:
1. Contamination/wet expander efficiency: Twice during the installation the ring was crashed due to nitrogen leaking through a closed valve into the helium system. In general during the commissioning phase, contamination was less of a problem in the ring; the major contaminants being nitrogen and particulates. The CHL had major problems with contamination; a mixture of aluminum oxide, water, and nitrogen would plug the 40K turbine inlet filter. The aluminum oxide was a by-product of the brazing of the plate-fin exchanger; the water was a 0. 7 Jauary 3, 1985 . Figure 3 shows 3. Wet Expanders: The previously discussed 0-ring problem accounted for almost half the satellite downtime in January. 4 . Leads: The lead overheating and oscillations problem which caused the April 1984 downtime reappeared in January. This was cured by reducing the minimum flow during maintenance, and increasing the minimum flow and lowering the regulation set point during operation.
Ramp Permit:
The ramp permit problems of the past year continued especially when CHL was running at reduced capacity. In order to reduce the problem we raised the maximum temperature limit from 4.9 to 5.0K. 
